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ACCESS OF COMPOUNDS TO THE VOMERONASAL ORGAN IN PINE AND MEADOW VOLES 
Char les  J .  Wysocki, Gary K. Beauchamp and Susan Erisman. Monel l  
Chemical Senses Center,  3500 Market S t r e e t ,  P h i l a d e l p h i a ,  
Pennsy lvan ia  19104 
Neuroendocr ine responses p l a y  a c r i t i c a l  r o l e  i n  rep roduc t i on  i n  
every  mammal i a n  spec ies ,  i n c l u d i n g  vo les  (Richmond & Stehn, 1976).  
D i s r u p t i o n  o f  t hese  normal responses can r e s u l t  i n :  ( I )  abnormal 
sexual m a t u r a t i o n ;  ( 2 )  abnormal o r  absent female c y c l e s ;  (3)  
pseudopregnancy; (4)  b locked  pregnancies; o r  (5 )  t h e  t o t a l  absence o f  
c o u r t s h i p  and mat ing.  Each o f  these f a c t o r s  i n  t u r n  p lays  a 
c o n s i d e r a b l e  r o l e  i n  p o p u l a t i o n  dynamics, e s p e c i a l l y  p o p u l a t i o n  
d e n s i t y .  The re fo re ,  mechanisms which d i s r u p t  normal neuroendocr ine 
f u n c t i o n  c o u l d  a f f e c t  p o p u l a t i o n  dynamics and reduce p o p u l a t i o n  densi ty 
by a f f e c t i n g  changes i n  one o r  many o f  these r e p r o d u c t i v e  processes. 
Each o f  t h e  above neuroendocr ine responses can be e l i c i t e d  o r  a r e  
modulated by c o n s p e c i f i c  odors,  w i t h  u r i n e  o r  s p e c i a l i z e d  scent  glands 
be ing  e x c e l l e n t  odo r  sources i n  many spec ies .  However, work f rom a 
number o f  l a b o r a t o r i e s  has suggested t h a t  a t  l e a s t  some o f  t h e  
compounds which e l i c i t  hormonal changes a r e  l a r g e  and/or have low 
v o l a t i l i t y  (MUI ler-Schwarze and S i  l v e r s t e i n ,  i n  p r e s s ) .  These r e s u l t s  
c a l l  i n t o  q u e s t i o n  t h e  assumption t h a t  o l f a c t i o n  as i s  t r a d i t i o n a l l y  
v iewed ( I  imi  t e d  t o  t h e  f i r s t  c r a n i a l  nerves) serves as the  pr imary  
r e c e p t o r  mechanism f o r  t h e  compounds i n  ques t i on .  Ins tead,  t h e  
vomeronasal o rgan  may be  t h e  p r imary  r e c e p t o r  modula t ing hormonal 
responses ( ~ o h n s ,  i n press;  Wysocki , 1979) . Th i s recep to r  o rgan  has 
neuroanatomical  connect ions w i t h  c e n t r a l  nervous system s t r u c t u r e s  
which e x e r t  cons ide rab le  i n f l u e n c e  upon neuroendocr ine mechanisms. 
Indeed, recen t  r e s u l t s  have demonstrated invo lvment  o f  t h e  vomeronasal 
organ i n :  (a)  female c y c l i c i t y  ( ~ o h n s ,  i n  ~ r e s s ) ;  (b) odo r  induced 
o v u l a t i o n  ( I n g e r s o l  6 Lee, 1979) ; and ( c )  pregnancy b l o c k  (Reynolds & 
Keverne, 1979). 
Resu l t s  f rom o u r  l a b o r a t o r y  have demonstrated t h a t ,  u n l i k e  t h e  
o l f a c t o r y  system, t h e  vomeronasal organ (a t u b u l a r  s t r u c t u r e  l oca ted  
near  t he  e x t e r n a l  nares)  i s  n o t  l imi  t e d  t o  h i g h l y  o r  moderately 
v o l a t i l e  compounds (wysocki  e t  a l . ,  1980). I n v e s t i g a t i o n  o f  
c o n s p e c i f i c  u r i n e  by guinea p i g s  r e s u l t s  i n  t h e  t r a n s p o r t  o f  t h e  u r i n e  
i n  l i q u i d  form t o  w i t h i n  t h e  vomeronasal organ.  Thus, l a r g e  and/or 
"nonvol a t  i l e" compounds read i  l y reach t h e  chemoreceptors i n  t h e  
vomeronasal organ, thereby p r o v i d i n g  the  p re requ i  s i t e  f o r  c h e w -  
recep t i on ;  s t i m u l u s  - r e c e p t o r  con tac t .  
W i th  t h i s  as backgroand, we specu la ted t h a t  s i m i l a r  mechanisms 
e x i s t  f o r  p i n e  and meadow vo les ,  v i z . , :  (a) low- o r  n o n v o l a t i l e  
compounds have access t o  t h e  vomeronasal organ;  and (b) t h e  vomeronasal 
organ i s  i n v o l v e d  i n  neuroendocr ine events .  I f  t r u e ,  d i s t r u c t i o n  o r  
d i s r u p t i o n  o f  normal vomeronasal organ f u n c t i o n  cou ld  reduce v o l e  
p o p u l a t i o n s  th rough  i t s  i n f l u e n c e  upon t h e  reproduct  ive /endocr i  ne 
system. T h i s  r e p o r t  desc r ibes  o u r  s t u d i e s  o f :  (a) above; behav io ra l  
s i t u a t i o n s  i n  wh ich  "nonvo la t i  l es "  have access t o  t h e  vomeronasal 
organ. 
To a e we have x l o r e d  a 
con- ang k e t e r o s p e c i ? l  E u r l  ne, i v e s t i  Re ask%ltion 
whether l a r g e  and/or "nonvo la t  i l e "  molecules reach the  vomeronasal 
c h e m r e c e p t o r s  d u r i n g  these behav io rs .  Our methodology was s t r a i g h t -  
f o rward  and s im i  l a r  i n  a l  l s i t u a t i o n s .  A f lu rochrome,  rhodamine B,  
wh ich i s  cons idered t o  be a  n o n v o l a t i l e  dye, was p laced i n  a  s t i m u l u s  
p r i o r  t o  i t s  p r e s e n t a t i o n  t o  a  vo le .  For  s t u d y i n g  the  i n v e s t i g a t i o n  
o f  a  s o c i a l l y  r e l e v a n t  s t imu lus ,  a  smal l  q u a n t i t y  o f  v o l e  u r i n e  was 
mixed w i t h  rhodamine (1% i n  dH20) on a c o t t o n  swab and g i v e n  t o  t h e  
v o l e  f o r  6 min. For  s t u d y i n g  grooming, ca rboxymethy l ce l l u lose  was 
mixed w i t h  t h e  dye (0.01% o r  0.1%) and a p p l i e d  t o  the  animal I s  f u r .  
The v o l e  was g i v e n  5-6 min t o  groom. For  s t u d y i n g  feed ing,  p ieces o f  
app le  were soaked i n  0.1% rhodamine and g i v e n  t o  hungry vo les  t h a t  
were a l l owed  6 min t o  i n g e s t  t h e  app ie .  I n  a l l  c o n t r o l  s i t u a t i o n s ,  
t h e  s t i m u l  us was e i  t h e r  n o t  presented o r  presented wi t hou t  rhodami ne. 
A t  t he  end o f  t h e  t e s t  each v o l e  was k i l l e d  and t h e  vomeronasal 
organs were c a r e f u l l y  d i ssec ted  f r e e ,  f rozen ,  sect ioned,  mounted on 
g lass  s l i d e s  and viewed w i t h  ep i  f l uo rescence  microscopy. The r e s u l t s  
o f  these obse rva t i ons  a r e  presented i n  F i g u r e  1.  
A f t e r  i n v e s t i g a t i n g  u r i n e  f rom e i t h e r  female p i n e  o r  meadow v o l e s ,  
80-90% o f  male p i n e  vo les  e x h i b i t e d  rhodamine f l uo rescence  i n  t h e i r  
vomeronasal organs ( F i g .  I ) .  From t h i s  we conclude t h a t  d u r i n g  t h e  
i n v e s t i g a t i o n  o f  u r i n e  n o n v o l a t i l e  compounds found w i t h i n  female u r i n e  
reach t h e  vomeronasal organ, even i f  t h e  u r i n e  donor i s  n o t  o f  t h e  
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F i g u r e  1. Percent  o f  p i n e  vo les  (P.v.) and meadow vo les  (m.v.1 
e x h i b i t i n g  rhodamine f l uo rescence  i n  t h e i r  vomeronasal organs a f t e r  
exposure t o  dyed u r i n e  (u) ,  grooming, o r  e a t i n g  o f  dyed apple. 
same spec ies .  Whether o r  n o t  s t i m u l a t i o n  o f  t h e  organ occurs  i s  n o t  
y e t  known. The impor tan t  p o i n t  however, i s  t h e  d e m n s t r a t i o n  o f  
access o f  n o n v o l a t i l e s  i n  u r i n e  t o  t h e  vomeronasal organ. 
A f t e r  grooming, dye s p e c i f i c  f l uo rescence  was found i n  t h e  
vomeronasal organs o f  2/3 o f  t h e  male p i n e  v o l e s  and a l l  o f  t h e  male 
meadow v o l e s  (F ig .  I ) .  The apparent spec ies  d i f f e r e n c e  may be due t o  
procedura l  d i f f e r e n c e s  i n  t e s t i n g .  A l l  o f  t h e  meadow vo les  b u t  o n l y  
h a l f  o f  t h e  p i n e  v o l e s  were smeared wi t h  0.1% rhodamine. The 
remain ing p i n e  vo les  rece i ved  a l e s s  concent ra ted spread o f  rhodamine 
(0.01%). A l l  o f  t h e  vo les  t h a t  lacked rhodamine f l uo rescence  i n  
t h e i r  vomeronasal organs were f rom t h i s  l a t t e r  group. Regardless, t h e  
r e s u l t s  demonst ra te  t h a t  n o n v o l a t i l e  compounds reach the  vomeronasal 
organ d u r i n g  grooming. 
A f t e r  e a t i n g  an  app le  t h a t  had been a d u l t e r a t e d  w i t h  the  dye, 
each o f  t h e  4 female and 3 o f  t h e  4 male meadow vo les  were found t o  
have dye s p e c i f i c  f l uo rescence  i n  t h e i r  vomeronasal organs ( F i g .  1 ) .  
The re fo re ,  n o n v o l a t i l e  compounds do reach the  vomeronasal organ 
d u r i n g  feed ing .  For  a1 l behav io ra l  s i t u a t i o n s  no rhodamine 
f l uo rescence  was de tec ted  i n  any o f  t h e  c o n t r o l  sub jec ts  ( F i g .  1 ) .  
I f ,  as i n  r a t s  and mice, t h e  vomeronasal system i s  c r i t i c a l  f o r  
normal f u n c t i o n  o f  t h e  neuroendocr ine system, then d i s r u p t i o n  o f  t h e  
vomeronasal organs i n  v o l e s  c o u l d  reduce p o p u l a t i o n  l e v e l s .  Our 
r e s u l t s  demonstrate t h a t  n o n v o l a t i l e  compounds e n t e r  t h e  vomeronasal 
o rgan  d u r i n g  a v a r i e t y  o f  behav io ra l  s i t u a t i o n s .  Thus, a mechanism 
e x i s t s  by  which compounds s p e c i f i c i a l l y  designed t o  d i s r u p t  chemo- 
r e c e p t i o n  c o u l d  be  t a r g e t e d  t o  t h e  vomeronasal organ. For  example, 
substances c o u l d  be p laced i n  " b a i t  s t a t i o n s "  designed t o  app ly  t h e  
substance t o  t h e  vo les  f u r .  Subsequent grooming would r e s u l t  i n  t he  
t r a n s p o r t  o f  t h e  substance t o  t h e  vomeronasal organ. Another method 
cou ld  r e l y  upon feed ing .  A t h i r d  approach might  take advantage o f  
u r i n e  i n v e s t i g a t i o n .  
The tasks  remain t o  d e m n s t r a t e  t h e  impor t  o f  t he  vomeronasal 
o rgan  t o  p i n e  and meadow v o l e  rep roduc t i on  and t o  develop vomeronasal 
o rgan  - d i s r u p t i v e  substances wh ich  can be  s e l f  admin is tered.  
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